Sam Dreyer is a Masters student researching ocular therapeutic hypothermia and Brain-Computer Interfaces. He is also passionate about engineering education, teaching high school students and teachers about bioengineering concepts and methods.
It has been well established that there is a shortage of STEM professionals [1] . While there are a number of approaches to improving engineering education in the classroom [2] , the majority primarily focus on the educating the students. Programs that enhance instructor knowledge of STEM fields translates into greater interest in these fields among their students [3] . As summer research experience programs aim to build long-term collaborative partnerships with STEM teachers, it is also critical to support the translation of their experience to their own classrooms. This summer research experience offers teacher participants the opportunity to be immersed in both content and pedagogy as faculty in the College of Engineering and College of Education collaborate to enhance the skills of Chicago Public School (CPS) science teachers and enable them to more effectively communicate the nature of the scientific process in bioengineering to their students and enhance overall science literacy. With the shift to national standards and accountability in the education policy landscape, teachers have found themselves at the center of education reform efforts as they are charged with implementing new standards, creating curriculum, and assessing students. With these ambitious reform efforts, it has become increasingly important that teachers be immersed not only in their content, but also in the pedagogy of effective classroom planning, instruction, and assessment.
The UIC Colleges of Engineering and Education collaborated to enhance the knowledge base and skillset of CPS science teachers related to teaching bioengineering to their students. The summer research experience provides an opportunity for pre-engineering and science teachers to spend time in bioengineering research labs and use the experience to create a curriculum for use in their own classrooms. The six-week program matches teachers to a laboratory under the guidance of one of thirteen research-active core bioengineering faculty mentors. These lab opportunities are in diverse areas that include 3D printing laboratory equipment, tissue engineering, biomedical imaging, brain activity monitoring, computer simulation of proteins, rehabilitation engineering, bioacoustics, biomaterials, and mechanics of the pulmonary system. In partnership with faculty who are recognized experts in curriculum design for secondary education, participant-tailored curricular mentoring in weekly workshops focus on principles of effective planning, instruction, and assessment to be directly connected to teachers' classroom curriculum.
Recent adoption of Next Generation Science Standards (NGSS) requires complex curriculum planning and is a big shift in thinking from previous standards. While states have adopted the NGSS, it is up to districts, schools, & teachers to develop new curriculum aligned to the new standards. Unfortunately, few teachers have the opportunity to develop their content knowledge and pedagogical skills in ways that translate into classroom practice. This summer research experience delivers both in-depth content and pedagogy to teacher participants so they can make meaningful connections to their classroom professional practice.
Having teachers participate in research programs has been shown to improve student performance in science [4] . One shortcoming in similar existing programs is the lack of formal instruction regarding the enhancement of high school science curricula following participation in the summer experience. This program seeks to address this gap by partnering with faculty in the College of Education who have expertise in curriculum design and teaching in secondary education, and in particular, teaching of secondary science in urban schools.
Program Structure
Announcement of the program, descriptions of the available project focus areas, and application material are available online at the UIC Bioengineering Summer Research Experience website in late winter. The BEST program collaborated with Jennifer Sarna, High School Science Specialist for Chicago Public Schools, to communicate this opportunity throughout the school district. As part of the application process, interested teachers rank which laboratories and projects most aligned with their interests and were matched accordingly. These research opportunities include microcontrollers, tissue engineering, MRI measurement, neuroscience, protein modeling, robotics, pulmonary acoustics, nanomedicine, cardiac function, and retinal imaging. Of twenty three applicants, eight were selected based on their experience, diversity, and schools at which they teach. Once accepted, BEST teacher fellows and UIC bioengineering faculty refined the research plan to tailor it to teacher's individual interests and classes they teach.
Before the program began, participants attend an orientation where they are given an overview of the program, are formally assigned to their research labs, and relevant background reading in the research area of choice (book chapters, publications) is provided in preparation for their lab experience. Participants were provided a stipend after successfully completion of the 6 week program and pre/post implementation surveys. (IRB approval was obtained to administer the surveys in advance of the program.) In addition, BEST teacher fellows were provided up to $1,000 of classroom supplies to support implementation of their new curriculum.
The BEST teacher fellows conducted research related to their individual projects from Monday through Thursday of each week in conjunction with their sponsoring faculty and graduate students. Each Friday, participants met together with faculty members from the College of Education, who have expertise in secondary science education and curriculum design, for weekly Curriculum Workshops. These workshops were an opportunity for teacher participants to develop curriculum related to their summer research experience, with guided instruction from faculty who have knowledge in Common Core State Standards, Next Generation Science Standards, and curriculum design. The lesson plans, instructional materials, and assessments were designed to be implemented within their CPS classrooms the following academic year. To facilitate classroom translation, participants were assessed on the development of their curriculum materials by College of Education faculty using rubrics aligned to the CPS Framework for Teaching.
At the conclusion of the summer, an exit survey was administered, soliciting feedback from participants to help identify weaknesses and suggestions for improvements, as well as asking teachers to again answer questions related to current trends in bioengineering. Post curriculum-implementation, teachers were asked to complete a follow-up survey, to report how the curriculum was implemented, what challenges and/or successes were encountered, recommendations for program improvements, and how their participation in the program affected their own classrooms and/or career. In addition, this post-implementation survey polled teachers on their self-reported knowledge in trends in bioengineering research, and solicited feedback to help identify weaknesses and suggestions for program improvements. Self-reported information in a pre-program survey was used as the baseline metric to evaluate changes in knowledge and perception of preparedness before and after program participation.
In addition to the exit surveys, BEST participants also presented their work at the conclusion of the program to each other and representatives of of the CPS central office.
Teacher participants disseminated their curriculum frameworks, instructional materials, and student assessments to science teachers at their schools to increase the number of CPS teachers and students who benefit from the newly designed curriculum materials. They also utilized the BEST Program website to share their prepared curriculum materials.
Faculty Mentor and Laboratory Project Description
Salman Khetani, Ph.D.
Microfabricated Tissue Models (MTM) Laboratory
Lab and cell culture basics; measure and model the growth of a cell population; micro pattern cells on a tissue culture dish; and assess the effects of drugs on cocultures containing two cell types.
Dieter Klatt, Ph.D.
Motion Sensitive MRI Laboratory
Manufacture an anisotropic phantom composed of asparagus samples embedded in a tissue mimicking gel and measure using Magnetic Resonance Elastography (MRE) and Diffusion Tensor Imaging (DTI).
Alex Leow, MD, Ph.D. Examine EEG connectivity as a whole using modern network science (i.e., connectomics).
Jim Patton, Ph.D.
Evaluate effects of robotic force field training on
Rehabilitation Robotics Laboratory adaptation during motor tasks.
Tom Royston, Ph.D.
Acoustics & Vibrations Laboratory
Audible Human Project: Investigate pulmonary diseases, with a focus on the airways. Once the medical relevance has been established, create a multiphysics simulation to investigate the acoustic profile of a healthy set of airways versus a diseased set of airways.
Tolou Shokuhfar, Ph.D.
In-Situ Nanomedicine Laboratory
Observe the Multifunctional Bone Implant fabrication process. Fabricate nanomaterials on an actual dental implant and assist with validating their surfaces using Field Emission Transmission Electron Microscopy (FESEM) and Energy Dispersive Spectroscopy (EDS).
Daniela Valdez-Jasso, Ph.D.
DVJ Laboratory
Acquire in-vivo blood pressure, volume and flow and take them to the ex-vivo setting to obtain the biomechanical properties at the tissue level of pulmonary arteries. 
Results and Discussion
Participants completed weekly feedback surveys as well as pre-program and post-program surveys. The weekly surveys consisted primarily of open-ended questions that sought to identify specific challenges and successes each participant was experiencing. This enabled the instructors to quickly diagnose obstacles and determine how to rectify the situation. It was also helpful for highlighting positive aspects for the group during the curriculum workshops.
In the weekly surveys, when asked the following question, several common themes emerged.
" What aspects of the BEST program hindered teacher fellows' opportunity to develop their depth of content knowledge and pedagogical skills? "
• Difficulty of translating complex research into high school curricula • Not enough time in the curriculum workshops • Complexity of the bioengineering research • Lack of knowledge in computer and software programs Several of the research laboratories heavily utilize programming for data analysis and these coding languages take time and effort to learn. While the participants were still able to conduct their research, this learning curve was daunting at the early stages of the program.
In the weekly surveys, participants had varied responses to the following question. (Sample responses shown below.)
" What was the highlight of your lab experience this week? "
• "Meeting other professors and listening to what they are doing in their labs and actually being able to understand it all." • "We actually got the robot to work!!!"
• "Seeing the 3D model of the pig lung take shape on the computer screen."
• "Today I 3D designed a part that will help anesthetize the mice. I felt like my CAD skills that I learned at the MSI were valued and were genuinely beneficial to the program."
In addition to the weekly, pre-program, and post-program surveys, participants were given a final opportunity to provide feedback after implementing their new curriculum in their classrooms. From the eight participants that were selected, six participants completed the BEST Program and plan to implement their new curricula in the coming academic year. Of the two who will not implement a bioengineering curriculum, one was unable to participate in the program at all due to unforeseen personal circumstances, and the other took a position in the district's administration prior to the start of the academic year. Of the remaining six BEST teacher fellows, three have implemented their new curricula at the time of writing. This is addressed in detail in the Program Challenges and Modifications section.
In the post-implementation survey, multiple themes emerged. All respondents strongly agreed that their ability to explain the nature of the scientific process had improved. Additionally, all either agreed or strongly agreed that they have been able to transfer their learning in the bioengineering lab into my classroom, their students have a better understanding of bioengineering after participating in their curriculum, their curriculum was an improvement in how concepts of bioengineering were previously taught, their ability to explain bioengineering concepts to students had improved, and and their curriculum planning has improved as a result of their participation in BEST. Where they reported challenges was in the ease and effectiveness of their implementation. Figures 1-4 provide quantitative results on teacher improvement in various skill sets after completing the program. In the post-implementation survey, when asked, "What specific successes did you experience with teaching your BEST curriculum?" the responses were as follows:
• "The students were highly engaged and it was completely student-centered activity where the students had design 3D models and print them." • "The most successful aspect of the lesson was the student engagement. Once I invited the students to take a journey with me they were willing. The hands on aspect of the lesson was captivating to them." • "Students were very engaged throughout the program and appreciated being able to work on hands-on collaborative projects."
When asked, "What barriers and challenges did you face in teaching of your BEST curriculum?", all participants responded that it was difficult to find the time to implement their new curriculum.
As the third largest school district in the United States, the Chicago Public School system is comprised of a rich diversity of students and educational environments. The CPS district is comprised of more than 600 schools employing more than 20,000 teachers and serving more than 400,000 students in grades K-12. Currently, 45% of its student population is African-American, 41% Hispanic, 8% Caucasian, 3% Asian, 2.8% Multi-Racial, and 0.2% Native American. About 13% of the students are categorized as limited English-proficient and 87% of the district's students are from low-income homes. Chicago has 174 total high schools, including selective enrollment schools, magnet schools, charter schools, and neighborhood schools. The average ACT score in CPS is 18, with some selective enrollment schools having an ACT average over 29, and neighborhood high schools with an average as low as 14. Data are similar for graduation rates in the CPS. While the average for the district is 71.9%, neighborhood high schools' graduation rates are as low as 49% while their selective enrollment counterparts are as high as 97% [5] . Participants were selected with an emphasis on diversity of teaching experience, type of school, and school demographics in order to reach as broad a range of students as possible. This information is outlined in Table 2 .
Efforts were made to draw from the diversity of the CPS district; for this reason participants from selective enrollment schools as well as neighborhood schools, and high-performing to under-performing schools, were selected. Due to the breadth of educational environments and student populations, BEST teacher fellows development lesson plans with their own classrooms in mind. Successful completion of program and will be implementing curriculum in Academic year 2016-17. Table 2 . Teacher participants, their school information, and the outcome of their participation.
At the conclusion of the program, the participants uploaded their curricula to the the BEST Program website as an open-access repository for all teachers to use and adapt for their own classrooms. An example is shown in the Appendix and it can be accessed online at https://bestbioe.uic.edu/curriculum-library/2016-curriculum.
Program Challenges and Modifications
The nature of working in large urban school districts creates additional challenges for teachers and students. Likewise, as this program works with teachers within CPS, there were several unanticipated challenges that affected the planned implementation of the program. Teacher mobility is significant challenge in urban districts, especially in low-performing and under-resourced schools. High turnover rates and an influx of new teachers are common in low performing schools. In Chicago, about 40% of new teachers leave teaching within five years, with turnover being as high as 80% in some schools. With this in mind, teacher mobility was a challenge in the BEST program as well.
Although eight teachers were accepted into the program, only six teachers will be able to implement curriculum in the 2016-2017 academic year. Much effort was made to select a diverse cohort of participants based upon their experience and where they were teaching, but several of the teachers did not return to the schools in which they taught the previous academic year. As mentioned previously, one teacher left just before the start of the program. A second teacher left her teaching position for an administrative role in the district midway through the program. As a BEST fellow, she did develop a complete unit curriculum plan, but as an administrator, is unable to implement it. Two other teachers left their schools for new positions while in the BEST program. The first teacher chose to leave the one school for a position at another school within the CPS district. The other teacher's position was eliminated, and he eventually took a position at a neighborhood school. So, while we selected participants with an intended diverse student audience, the students who will benefit from the bioengineering curriculum will differ from the intended audience. Both redeployed teachers indicated intent to implement their curriculum, but the design of the curriculum was based on the specific classes they were teaching. As these challenges could not be anticipated, and are a facet of the realities of large urban school districts, the BEST Program aims to be as adaptable as possible. At a minimum, we hope that other teachers (whom did not participate in the BEST summer program), will access these curricula through the curriculum library on the BEST program website. A future goal for academic year 2017-18 is to work with the school district to advertise the online curriculum library as a resource.
The first year of implementation of the BEST program highlighted areas of improvement to enhance the program experience. Given the challenge of translating highly technical bioengineering laboratory research to high school science classrooms, additional time in curriculum workshops will be provided in Summer 2017 for participants to have adequate time to develop quality curriculum materials. We plan to expand this by an additional 1⁄2 day of Curriculum Workshop at the end of the program, in preparation for final presentations and completion of their curriculum materials.
In addition, each BEST fellow submitted a materials/supplies list for the classroom materials related to their curriculum, and BEST program faculty facilitated the purchase of these supplies. However, as each BEST fellow's list was developed towards the end of the program, delayed purchase of the materials was an issue. For Summer 2017, the BEST program intends to work directly with each associated CPS High School to provide these funds for each teacher.
Finally, we acknowledge that placing a high school science teacher into a bioengineering research lab can be challenging without adequate mentorship. Unlike a graduate student or research associate, the BEST participants are not trained biomedical engineers. Therefore, adequate scoping of projects that provide exposure and experience to bioengineering research while staying cognizant of their ultimate goal of translating this into a high school classroom is critical. The BEST Program will help set expectations for both faculty and BEST fellows, ad provide more specific guidance for the Bioengineering faculty to host high school science teachers in their laboratories. There is a significant investment of time by each faculty member to bring the BEST participant "up to speed" in their lab, so we want to ensure a mutually beneficial experience for both participants.
Institutions looking to implement a similar program are encouraged to begin by fostering strong faculty buy-in. This is not a Research Experience for Undergraduates which many faculty members are more familiar with. Teachers are looking to translate their lab experience into a curriculum that they can disseminate to students, making their goals different from a student focused on becoming a better researcher. Additionally, flexibility needs to be afforded to the teachers in how they choose to implement their experience. Teachers have different student populations and school conditions and know how to best reach their specific environment.
Conclusion
The BEST program was conceived as a method of bringing cutting-edge bioengineering research into local classrooms. It was noted that a shortcoming of similar programs was the difficulty of translating the research experiences from the participant to their students. To address this, a major component of the BEST program was weekly meetings with faculty from the College of Education.
Learning from the feedback provided by the first-year participants, future iterations of the program will increase the amount of time spent developing their curriculum with the College of Education faculty. Additionally, UIC faculty mentors will be better educated on what skillsets to expect from the BEST participants to smooth the transition into research. At the same time, these faculty mentors can also reach out to their respective participant earlier and give them more time to familiarize themselves with the background skills and knowledge used in their laboratory.
While implementation in some of the participants' classrooms is still underway, the feedback from the first year of this program has been overwhelmingly positive. One participant stated that during the implementation of their new curriculum, "the students were highly engaged and it was completely student-centered activity where the students had design 3D models and print them." Another participant who has completed implementation said that, "students were very engaged throughout the program and appreciated being able to work on hands-on collaborative projects." It has shown the efficacy for immersing teachers in laboratories and working closely with mentors in the College of Education to translate their experience to their students.
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